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were ui>i»blc lo u*c ihi* method for one of 'J I piles, since tho response* wore too email. For 
this site, the omct of eye movements wns delected visually. 

Por each condition and each dirmilMion ^ite, the flain of the responwe to the 
perturbations va& computed os the ^uaic root offi divided by T, wliavfilsilieaicuwttfdii 
the polygon defined by the polar plor for each eel of eight perturbations in different 
direction*, and T i* the urea within diCpelyKOii defined by die peak target velocity, always 
202,81. 
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Ghrclin is an acylated peptide that stimulates the release of 
growth hormone from The pituitary 1 . Ghrelm-produdiig neurons, 
ore loCiUcd til the hypothalamus, whereas ghrclin receptors are 
expressed in various regions of the brain 1 -*, which U Indicative of 
central — and as yet undefined — physiological functions. Here we 
show that ghrelin is involved in the hypothalamic regulation of 
energy homeostasis, Intracerebroventricuiar injections of ghrclin 
strongly stimulated feeding in rats and increased body weight 
gain. Ghrclin also increased feeding Lrt rats that arc genetically 
deficient in growth hormone. Anti-ghrcl'm immunoglobulin G 
robustly suppressed feeding. After intracerebroventricuiar ghrc- 
lin administration, pos protein, a marker of neuronal activation 5 , 
was found in regions of primary importance in the regulation of 
feeding, including neuropeptide Y* (NPY) neurons and agouti- 
related protein 7 (AGRP) neurons. Antibodies and antagonists of 
NFJf and AGRF abolished ghrelin-induccd feeding, Ghrclin aug- 
mented NPY gene expression and blocked IcpTin-induccd* feeding 
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Figure 1 Stlmulalion q\ leedina by clnylc ICV administration of ghrclin, a. Two-hour food 
Intake (mean ± o.o.m.) ol Ifoo-foodino fata Injected with various doses of ghrelln or 
GIW-6, Control rats were given n.9% mlino. ANQVA was only performed on the ghrelln 
fjroup against the control group. 1 , P< 0,05 vemur, GNftM; ? t P< 0.01 mm PP> 
B; 3, P< 0.0001 vufb-us khIIuu. n, PwK-ptmra (19;0Q«Q7:QO) food Intako of rats 
receiving on lev administration of giiroiin at 1 8:45, AsterisK, P < 0,005; double asterisk, 
P< 0,001. c, 2-h food Intako of 0-h fasted rats rocolvlno nhrelln BOOpmob ol 08:<15, 
Asterisk, p= 0.0001. a, suppressive effect of |o-Lyc-3]-GHRP-6 (Snmolj on iccolng 
Induced by ghrclin (20 pmol}. Asterisk, p « u.O'l 'L 
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reduction, implying that there 15 a competitive interaction 
between ghrelin -and lepiin in feeding regulation. Wc_concludc 
ttia^glirelm Is a physiological mediator of feeding, and probably 



Tia¥~a~ function In growth regulation by stimulating feeding and 
release of growth hormone. 

Ghrelin increased the food intake of mrs In hnrh satiaXgd and 



feeding conditions, Intracerebrovtmrrir nhi* (Trv\ ,,rlm;r,,^ nr jr, n 
■of.KhrcliiLnbovc a minimally acrlvc dose of 1 o pmol tfl fr^-i^Kr^ 
rats during thccnrivli^rptinsc/^rintrH^ iVy™<t»d (bradJillakejLiJ a 

jjtttfcdfcfleudgm manner (Fig In) Ghrdin-ireuled nti.s showed no 

unusual behaviour relative to ihe controls. Adiwiidslrudon of 
glirellu also sigmficandy increased dark phase (feeding) food 
intake (Fig. lb). In rats that had fasted for 8 h, ghrelin also increased 
their 2-h food intake relative to the saline-injected group (Pig. ic). 
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Flguro 2 Antl-ghroiln Iq<3 suppresses feeding, a, Food Intake of rats that had fasiod for 
8 h, then received ICV administration of 0.05, 0.a or s p.fl anii-ghrelin l«G or prolmmune 
serum inG at 08rt5, b, Dark-phase food Intake of frcc-fccdlng rots that received ICV 
administration or US u.g antl-ghrclln irje or prclmmuno sorum IgC at 17i00, Asterisk, 
P< 0,005; double asterisk, P< 0.0001 versus prefmmune IgG. 
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Figure 3 Effect of chronic ghrelin iCV administration on rats, Cumulative body weight gain 
(a) nnrl onrxiay food intake (tj) during on ICV Infusion of 250 pmol d" 1 for 12 d, 
Alzct mlnipumps were implanted on day 0, 1, P< 0.05; 2, P<0,0V 3 P< 0 005- 
4>P<;O,00h ' ' ' 



Centrally administered ghrelin induced feeding behaviour within 
5 rnin of administration, GHRP-6" (modelled after enkephalins) is a 
synthetic hexapeptide that bind* to growth hormone sccrctagoguc 
_ receptor (GHS-R), releases growtii hormone 9 and stimulates 
feeding 1 ", ICV-im'cacd ghrch'n was more effecdve at stimulating 
food intake than CHRp-6 (Fig. In). Ghrciin-induccd feeding 
was suppressed by an antagonist for GIIS-R n , |D-Lys-3|-GHRP-<5 
(Fig. Id). 

To dclcnniiie whether an endogenous tone of ghrelin signaUing is 
present in the hypothalamus, we investigated the effect of an 
antibody against ghrelin on feeding behaviour. Compared with 
the preimmune serum immunoglobulin G (IgG), anti-ghrelin IgG 
suppressed starvation -induced feeding in o marked, dosc-depen- 
dent manner (Pig. 2a). Anti-ghrelin IgG also suppled dark phnsc 
food intake by 36"% in free-feeding rats (Pig. 2b). These findings 
indicate that ghrelin is a powerful, endogenous orexigemc peptide, 

A chronic TCV infusion of ghrelin (250 pmold~ l ) foe 12 d u*iug 
an osmotic minipuinp increased food intake and body weight gain 
over the infusion period (Fig. 3), Tt did not afTect general activity 
(ghrelin! dark phase, 96 '£ 6% of control activity; light phase, 95 2: 
8%; P*» 0.5), indicating that ghrelin docs not mediate nonspecific 
arousal, The plasma concentrations of glucose, insulin, triglycerides 
and total cholesterol in the ghrclin-mfuscd group did not differ 
from those In the control group (data not shown), 

rCV-injccrcd ghrelin also stimulated food intake in spontaneous 
dwarf rats (SDR)'*, u growih-hormone-de/kicnc rat model that 
carries a disrupted growth-hormone gene 13 (food intake? 200 pmol 
ghrelin, 1.18 r 0.10 g; vehicle, 0,0 1 ± 0.01 g; P < 0.0001), Thus, the 
stimulatory effect of ghrelin on feeding does not depend on the 
sdmulation of growth hormone. 

To establish the neuronal populations accented by central ghre- 
lin, wc mapped c-fos expression after an ICV administration of 
ghrelin. Pos-immu no reactive neurons were observed primarily in 
regions implicnrcd in the regulation of feeding behaviour (Pig. «t). 
This distribution is coincident with that of GHS-R 4 , which is also 
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Figure 4 localization of Fos expression In rcsponso to ICV administration ol nhrelln 
a, Piriform cortox. t>, Dontate nyrue and hippocampus, c, Paraventricular nucleus 
d, Arcuate, dorcomedial and ventromedial hypothalamic nucloi. 0, Hloh magnification of 
Fog immunorcnctivity In the arcuate nucleus (magn. x 200). (, Co-stainino of Fos 
(blue-black) and NPY neurons (hrown) in the arcuate nucleus. All sections are from a rat 
Oivon 0,5 nmol ghrelin, Fos Is also found In tho olfacloiy nerve layer; yrunutar cell layer of 
the otfncloiy bniu; insulyr, prellmblc. Inlrallmbic, orbital ana clnguiato cortices* 
occumbens, lateral septal, paraventricular thalamic, periventricular hypothalamic, 
anterior hypothalamic, supraoptic, suprachlasmatlc, tuboromammillarv, cupramammlh 
laiy and dorsal raphe nuclei (data not shown), lo. lateral olfactory tract; 3v, third vontricle 
scale bam: a, 0, 200 urn; b, d, 500 u.m; e, f , 50 p.m. No Fos immunorcactlvity is pmsonl 
in any of the regions observed in tho control rsts (data not shown). 
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named ghrelin receptor. Foh also waa highly expressed in the dentate 
gyrus nnd hippocampus (Fig. 4bj CA I , CA2 and CA3) where ghrclin 
receptor messenger RNA is abundandy present, The possible 
involvement of ghrclin in learning and memory requires further 
investigation. No significant Vox expression was found in the 
neocortex nor In the cerebellum. Fos distributions were similar in 
die 0.01, 0.5 and 2 nrnol ghrcUn-injectod rats (data not shown). 

The arcuate nucleus is critical Tor fecdins and body weight 
regulation because it has the leptin-responsive orexigenic neuro- 
peptides, NPy ,4,,f and ACR£ jlf ', and the leptin- responsive anorexic 
neuropeptides, proopiomelanocortin 17 , and cocaine- and amphet- 
amine-regulated transcript 1 *, Of the three rals examined by double 
immunohistnehemisrry, ghrclin administration induced Fos 
expression in 39 ± 6% of NPY neurons in .the medial pan of the 



arcuate nuclei (Fig. 4e, f), which is consistent with previous findings 
that NPY neurons have GHS rcceptors ,v and express Fos in response 
to GIIS administration 20 " 21 , 

We iuvcslignLed the functional relationship between ghrclin and 
NPY by blocking eilher of the peptides in ghrclin- or NPY-induccd 
feeding. YJ and Y5 receptors are involved in feeding regulation by 
NPY 33,33 . We first determined the doses of anti-NPY IgG and two 
antagonists for Yl and Y5 receptors that arc needed to block NI'Y- 
induccd feeding, while inducing no other unusual behaviour 
(Fig, 5a), ICV administration of 1 u.g anti-NPY IgG 4li before 
ghrelin administration cancelled ghrclin- induced feeding; co- 
administration of two antagonists for Yl and Y5 receptors uLso 
cancelled ghrclin-induccd feeding (Fig. 5b). In contrast, anti- 
ghrelin IgG did not affect NPY-induccd feeding (Fig. 5a). Because 
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figure B Interactions of ghrelin with NPY, AGRP and loptln, a, Enacts of administration 
of anlhNPY IgG, antl-ghrolin IgG or co-administration of Yl and Y5 antagonists on 
NPY-lnducod (1 nrnol) feeding, Asterisk, P< 0.0001 versus NPY-injecled group. 
&, tnccto or antl-NPY W ond co-odmlnlstration of Y1 and Y5 Mlatjonists on ghrelln- 
induced (200 pmol) feeding, Asterisk, P< 0,0001 versus Qlvelln-lnjefitod rjroup. 
c, Effects of aml-AGnP IgG or ft-MSIInn nhrfilin-lnduced feeding, Asterisk, P< 0.001; 
doiihla asterisk, P< 0.0005, d, In situ hybridization of hypolliulmnie NPY rriRNA In rats 



(/i - 8 per group) receiving ICV odmlnistratlon of ahreifn (1 nmoO or control vehicle The 
quantitative Image analysis of NPY mRNA expression in the arcuate nucleus Is shown 
(bottom), Asterisk, P<;0.01, e, Suppressive effect of luplln m QhitAHMuowl 
(200 pmol) toilnrj. Asterisk, P < 0,0001 , f, Inhibitory effect of ghrelin on leptln-lnducod 
leedlny reduction. Rats that had fastod for 8 h received an ICV administration of ghrelin 
(200 pmol), l^lin (<t ur leptin followed ) h later by ghroiln, Astortsk, P= 0.031 ; double 
asterisk, p« 0,016, 
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AGIU' co-locaiizes with NPY in arcuate nucleus neuroru; 7,, \ wc 
studied the relationship between ghrclin and AGRP in feeding 
regulation. Ghrctm-iml tided feeding w;is suppressed on both treat- 
ment with tt-melanocyte-stimuiating hormone (ot-M$H), a meia- 
nocortin receptor agonist, and blocking of AGRP, a receptor 
antagonist 34 , widi anti-AGRP TgG (Fig. 5c). These results indicate 
that inhibition of endogenous NPY and AGRP may modulate 
ghrclin -induced feeding, which suggests that ghrclin interacts anaio- 
mlcaiiy and/or functionally with the pathways of these two peptides. 

Inhibition of NPYsyndiesis and release is u chief mechuntain of 
food*inmkc reduction mediated by lcptln JW \ The hypothalamic 
NPY mRNA level in quantitative in situ hybridization 27 increased 
after ghrclin administration (fig. 5d), Ghreiin-induced feeding in 
die light phase was suppressed by an ICV administration of leptin 
(Fig. 5e). Leptin reduced feeding in fasted rats, whereas ghrclin 
substantially blocked tills reduction In rats that were pretrcated with 
leptin (Fig. 50. These results indicate that ghrclin may antagonize 
leptin action in the regulation of the NPY system. 

Central ghrclin is a new physiological regulator of nutritional 
homeostasis. The classic eflecLs of growth hormone in promoting 
growth of soft tissue, such as bone and cartilage, together with the 
orexigenic effect of ghrclin Suggest that central and peripheral 
factors activated by ghrelin may underlie growth processes in an 
integrated manner. Further investigations of ylwHn's fnnrrinn will 
hc}lL^XiindgmaildlX<g..Qr' phYfiinfnflkni fccHing,„mrirhinigme'Ond- 
Should facilitate the study of eating disorders. 

Methods 

Animals 

We maintained male Wisinr rats tmdijr nnntroHcd tcmpcr?ntrcflnd light conditions (light 
on 07:00-19:05), Wc performed cnntHllrtlion ttnd ICV nditlinlttrtillon ue described". Wc 
repealed all of li\n experiment rwn or three time*, All the compounds were dliiolved in 
0.9% saline, and 10 p.! solution in lolal was ndnvnistcrcd, W c performed till procedures in 
accordance with the Japanexe Physinlnj.ic.-il Society's p.twMinc* for arttrn*! eare. 

Fonatllnj} wtprrrSiotrrils 

Pinu, various dor*.* ofroi Rluciin Ci'cplklc Institute), CHRP-6" (IMioenU Pharmaceutical*) 
ur uhrelin «r (ti.I.yx-3K*MHP-f; (Pcnlnculn Uhormork*) wore administered by ICV 
injections In rats (>» « per group) weighing 300-325 at 0iW5. Clirdm (200 proni) 

aba was adminwlered hy !CV Injection .it mm in ma <n =» \ 7.) thar lunj Oum.I for a h. 
re- weighed chow 2 It after peptide udmitmt ration, nnd calculated food iMnke. Second, 
gltrclln (200 pmoi) or saline wart administered by ICV inject ion a i I n:4$ m frrr-frcdinB m& 
(/) - 12 p*r group)* i'Her which dark phase (I9:00-07jOO) food Intake w«m mawircd. 
Third, ghrclin (250 pmoi per 14 uJ saline per day, for 12 d) or vehicle w W infmcd 
continuously through osmotic mlnipumpit to 7-wcck~old WiMnr rm$ (11 - 10 per group). 
GinnulRC Implnmcd Into the lateral ventricles were connected to miniptimps (aI/at, type 
2002) inserted under the skin of the neck Wc measured body weight i»nd food 
consumption daily ftf 07i00 t On day 12, the raw were killed, and the truncal Wood w flS 
sampled, Fourth, ghrclin (200 pmoi) was admlnintcrcd by ICV injection to l^wcek-oUl 
spontaneous dwarf rnts (SDR) (n = 6) weighing ?5-I00g (Japan SIX), after which 2-h 
food intake w t ia measured. 

IV* invfisrtyun the functional relationship between ghrelln and NPYor AORl\jihrcJin 
was co-admtnistcrcd with tin utttrtgOiiwl Or antibody for either of the peptide*. Rats 
(n =12-16 per group) were admin Utcr*K« M ICV injection In the mOminp whh the 
following reagents: ghrclin (200 pmoi); ghrclin *aotl-NPY I K 0 (I mi Peptide Institute); 
Hhrrtltn* mvtWl (;\tlp.(j p a n antagonist**) + L-152»HtM ("30 p^ a selective Y5 
antagonist*); NPY (1 nmol)j NI»Y r avJU'Jl .<«l-152,8M; NPY +utiti.Rhrclin JgG 
(OJi \t$i NPY-^antt-NFY IgC; fflirdin «► Alllh ACKI" %U (1 Phoenix Pharmaccnti- 
cab); fihrelin+o-MSU; AGRP (I nmot) Oi ACIU»^a-M.SM (2 timul). Dvj« uf ench 
reagenr used were the tmc among ilw «ete except for ^reltn (20, 50 and 200 pmoi) 
o-MSI I (1» 2 and 4 nmol). Wc injected 1%G 4 It before peptide administration tn nil cases. 
Wc monitored food intake for 2h. 

Wc conducted two experiments Iti study the interaction hetwiten ghrrtin and leptin In 
feeding regulation, frec-feoding rau (n - 12 per group) were administered an ICV 
injection in the morning with |*htclht (ZOOpinuI) <>r ghrelin mtnuw leptin (4 p.g, a gift 
from the Nation*! HormotW and Pituitary Program). Second, rots (« » 1 2 ^r firotlp) thai 
had Awlcd fot tt h were adiiittiUleted an ICV injection in ihr. morning with rjhrcthl 
(200 pmoi), leptin [A u.g) or ghrelin + leptin. Wc injected leptin at 07^5 and other peptidea 
at 06^5 in boUt Of thcCApcrimenU. We measured 2-h fond infakc. We analysed group* of 
data (mean a: ce.m.) using ANOVA (analysis oi'varinnec) and />tw hue Vh\wt\ u.tt. 

ImmunonoutrallzarJon 

Wc aubjected anti.ghrclin .intiscrtim 1 to AfTi-gcl piotcJti A uOitUty and (hen CNhr* 
Sephamic^ouplcd phrclin aOmity chromatography. We determined the amount ol 



purified IgCI hy using u DC protein away kit (Bin-Rad), First, a 10 jt] sfllinc solution of 
purilled aniUghrnlin IgG or pr^immune^nim IgG from thcswmcrahhh wpsadtnlnlPtcrctl 
by ICV injection at 08:4S the following morning to rats (« - lo per group) that had faated 
for m h, Second, IgC «vs given through lev to free-feeding raw (n ■ 10 per group) at 17:00. 

Wc tucrtsurcd food intake after IgC udmini»tratIon. 

locomotor activity 

Movement of rats in m 10 per group) that hud been given n continuous ICV infusion of 
ghrelin (250pmnl per Id pJ saline, for Pd) or the vehicle through osmotic minipumps was 
measured on days 1-5 ax described". Wit made Incnmotnr-Hctivity counts irvcry 15 mill 
and nummed rhem Ihr the dark and light phases, 

C'fas sxpresston 

Wc stttdicd four rat groups (n - 3 per group; 10 pmoi ghrclin, SOOpuiuI yhrelh), 2muol 
fjhrclin m>\ 0.jf'H> ssline). Wc administered an lOv injection of giirelin or ialine 90 min 
bcfoic perfusion. Pro^eti serial Uiuln seeihma (do u.m thick) were incubated for 2 d with 
goat ami-c-Po* antiserum (Santa Urua Uiotechnolopy: linat dilution 1:1,500)", W c stained 
the BL-Ctiuua by llic aviUiu— liSisltn complex meilunl". We .Mdij^ctwi xomr. sections of the 
arcuate nucleus to Por alaining, and then to double alatntng with rabbit anti NPY- 
antiscruill (DiuSorin; final dilution 1:4,000). 

In situ hybridization 

We performed lrts7m hybridijraliOn of NPY rnRNA with a45-nuclcotidc antisense probe as 
deacrihed". Wc analywd the ImaRCS In an MCID Imaging rtJtrtiyscr 17 . 
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Intravascular haemolysis is « physiological phenomenon as well as 
a severe pathological complication when accelerated in various 
autoimmune, infectious (such as malaria) and inherited (such as 
sickle cell disease) disorders 1 . Haemoglobin released into plasma 
is captured by the acute phase protein haptoglobin* which is 
depleted from plasma during elevated haemolysis 1 . Here we 
report the identification of the acute phase-regulated and 
signal-inducing macrophage protein, CD 1 63, as a receptor that 
scavenges haemoglobin by mediating endocytosis of haplo* 
globin-haemoglobin complexes. CD163 binds only haptoglobin 
and haemoglobin in complex, which indicates die exposure of a 
receptor-binding neoephope. The rcceptor-ligand interaction is 
Ca ' -dependent and of high affinity. Complexes of haemoglobin 
and multimcric haptoglobin (the 2-2 phenotype) exhibit higher 
functional affinity for CD 163 than do complexes of haemoglobin 
and dimcric haptoglobin (the 1-1 phenotype). Specific CD16> 
mediated endoeytosis of haptoglobin-hacmogiobin complexes is 
measurable in cells transacted with CD 1 63 complementary DNa 
and in CD163~expressing myelo-monocytic lymphoma cells. 

Metabolism of haemoglobin (Hb), die most abundant protein in 
erythrocytes and blood, is a main function of tissue macrophages* 
which can engulf senescent erythrocytes (cxtravascular haemolysis) 
or take up haemoglobin released from ruptured erythrocytes 
(intravascular hucrnolysis) and immature erythrocytes in the bone 
marrow. Efficient removal of free Hb is essential for health because 
of the oxidative and toxic properties of the iron-containing haem in 
Hb. In the macrophage, huem is converted to bilirubin and iron 1 . 



Whereas various receptors 2 '* for direct or indirect binding of 
surface-exposed phosphatidyl-serine are suggested to be involved in 
die recognii U,m and uptake of senescent erythrocytes, the cellular 
structure involved in die clearance of plasma Hb by macrophages 
has remained unknown. The plasma protein haptoglobin (Hp) is 
Thought to be involved in promoting the clearance of plasma Hb 9 > 
because it strongly binds free Hb and is depleted during elevated 
haemolysis'. To identify the molecular recognition events determin- 
ing the clearance of Hb released into plasma during intravascular 
haemolysis, wc constructed an Wp-Hb nffinuy msitrix for the 
purification of a putative rcecpLor for tills complex. Subsequent 
affinity chromatography of solubilized membranes from three 
macrophage-concairiing human tissues (placenta* liver and 
spleen) yielded a protein wiLh relative molecular mass of 130*000 
(Af r 130K) (Ing. la). Matrix-assisted laser-desorption ionization 
(MA!,DI) mass spectrometry of a tryptic digest of the 130K protein 
(Pig. lb) Identified itas the scavenger receptor cysrcinc-rich domain 
protein, M130/CD163 (refs 10-12), which is an acute phase- 
regulated transmembrane protein that is expressed exclusively 
in monocytes (low expression) and tissue macrophages (high 
expression) 1 *, Consistent with the difference in macrophage content 
of the source tissues for die affinity chromatography, the highest 
yield was obtained from the spleen (~ 0.1-0.2 mg CD163per g 
membrane). The yields from liver and placenta were about 4 times 
and 20 times lower, respectively. Isolated CD 1 63 from any of the 
tissues was nf very high purity, and no other proteins, including 
liver- or pUtCeJlla-Specific proLeins, were detccled at significant 
levels. We identified a protein that had an electrophoretic mobility 
identical to that of CD163 by n5 Mabclled Hp-Hb blotting of 
solubilized spleen membranes (Pig. lc> lane 4). We confirmed the 
identity of the Wp-Hb-binding protein as CD163 by immunoblot- 
ting (Fig. ic, lanes 5-8) with two different monoclone] antibodies 
against CD163 (refs 13 and 14). 

Haptoglobin is synthesized as a single chain, which is cleaved ro 
an amino-terminal ct-chain and u curboxytenninal p-elmin. The 
basic structure of Hp, as found in mosr mammals, is u homodirncr 
(Fig. 2n) designated Hp(l-l) in which the two Hp molecules are 
linked by u single disulphidc bond through their respective ~9K o> 
chains ,s . In humans, a variant with a longer ot-chain is also present 
in all populations. This variant arose apparently by an early 
intragenic duplication, presumably originating from an unequal 
crossover of two basic alleles* resulting in an Hp with an a-chain of 
—14K, The short and long a-chains are designated as a J nnd ct 2 , 
respectively. As the cysteine forming the intermolccular disulphide 
bond between the a-chains is also dupltcatcd > humans homozygous 
for the long variant allele show a inullimeric Hp phenotype (Fig. 2a) 
designated Hp(2-2). Hp(2-i) refers to the phenotype (both Hp 
dimcrs and rnultimers) seen in humans heterozygous rbr the two 
variant alleles. 

Analysis of Hp-Hb complexes binding to immobilized CD163 
showed a high-affinity binding of both dimeric and muidmeric 
Hp-Hb complexes (Fig, 2b, c). Figure 2b shows a surracc-plasmon 
resonance analysis of CD163 binding of the dtmcric Hp(l-l)-l*Ib 
complex and the multimcric Hp(2-2)-Hb complex. No binding of 
non-complexcd Hb (Fig, 2b, left panel), Hp(I-l) (Fig. 2b, middle 
panel) nor Hp(2-2) (Fig, 2b, right panel) was detected, thus 
indicating that a neoepitope for receptor binding is exposed in 
the Hp-Hb complex. Accordingly, maximal receptor binding was 
measured when the Hb-binding capacity of Hp reached saturation 
at equimolar concentrations of Hb and Hp (Pig. 2b, middle and 
right panels). The Hp(2~2)-Hb complex yielded a higher response 
and the dissociation was slower as compared with the Hp(l-i)-Hb 
complex. The results shuwn in Pig, 7b were obtained using the A y 
(o2(i2) form of Hb, We obtained similar results using the A 2 (ct2o2) 
form, or the S form (Hb with the mutation for sickle-cell disease)" 1 
(data not shown). 

We used a solid-phase assay with immobilized CD.I63 in micro- 
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